Objectives: Patients who leave without being seen (LWBS) can be an indicator of patient satisfaction and quality for emergency departments (ED). The objective of this study was to develop a model to determine factors associated with patients who LWBS. Methods: A modified case-crossover design to determine the transient effects on the risk of acute events was used. Over a four-month period, time intervals when patients LWBS were matched (within two weeks), according to time of day and day of week, with time periods when patients did not LWBS. Factors considered were percentage of ED bed capacity, acuity of ED patients, length of stay of discharged patients in the ED, patients awaiting an admission bed in the ED, inpatient floor capacity, intensive care unit capacity, and the characteristics of the attending physician in charge. McNemar test, Wilcoxon signed-rank test, and conditional logistic regression analyses were used to determine significant variables. Results: Over the study period, there were 11,652 visits, of which 213 (1.8%) resulted in patients who LWBS. Measures of inpatient capacity were not associated with patients who LWBS and ED capacity was only associated when .100%. This association increased with increasing capacity. Other significant factors were older age (p , 0.01) and completion of an emergency medicine residency (p , 0.01) of the physician in charge. When factors were considered in a multivariate model, ED capacity .140% (odds ratio, 1.96; 95% confidence interval = 1.22 to 3.17) and noncompletion of an emergency medicine residency (odds ratio, 1.85; 95% confidence interval = 1.17 to 2.93) were most important. Conclusions: ED capacity .100% is associated with patients who LWBS and is most significant at 140% capacity. ED capacity of 100% may not be a sensitive measure for overcrowding. Physician factors, especially emergency medicine training, also appear to be important when using LWBS as a quality indicator.
The occurrence of patients leaving an emergency department (ED) before being seen by a physician poses several problems. First and foremost, these patients may be ill and therefore may not receive appropriate or timely medical care. Patient satisfaction may suffer as a result. Failure to perform a federally mandated medical screening examination could be construed to represent a violation of the Emergency Medical Treatment and Labor Act. Finally, the inability to be compensated for these visits may represent a substantial loss of revenue for an ED. Thus, these patients represent a failure of our system and a decline in quality from both the patient and the physician perspective.
It is likely that some patients who leave before being seen by a physician have illnesses of a minor nature and prefer the availability and convenience of the ED over clinics and doctor's offices. However, many of these patients are in need of emergency care. A study from Harbor-UCLA Medical Center in 1990 demonstrated that 11% of patients who left before evaluation were hospitalized within the next week and several required emergency surgery. 1 Similarly, a study based at San Francisco General Hospital demonstrated a decline in self-reported health parameters when comparing patients who left without being seen with those who waited for care. 2 The problem was documented countywide in Los Angeles in both public and busy private hospital EDs, with increased waiting time a positive predictor of leaving without being seen. 3 Waiting times increase as EDs become overcrowded. Overcrowding of EDs has continued to be an important concern. 4, 5 While overcrowding no doubt leads to unpleasant work environments for both patients and staff, the link between overcrowding and a decline in quality has been more difficult to demonstrate. Because many EDs track the number of patients who leave without being seen as a quality indicator, 6 it follows that this quality indicator may be an important marker to study the problem of overcrowding. We may in fact better define overcrowding by determining when quality begins to decline.
The purpose of this study was to determine factors associated with patients leaving without being seen. In particular, we sought to determine the ED capacity that is significantly related to patients who leave without being seen and to determine other factors that may play a role in this problem.
METHODS
Study Design. A modified case-crossover design was used to determine the effects of transient changes in the environment on the risk of acute events. 7 We chose a modified case-crossover design such that we could study characteristics of the physician in charge. A traditional case-crossover design would not allow this because of matching on the physician. In our study, we considered the cases to be the time intervals during which patients registered and subsequently left without being seen, and the controls to be matched time intervals when this did not occur. The time interval was the duration of time the patient spent in the ED before leaving rounded up to the nearest hour. The control interval was the same duration of time matched one to one by time of day and day of week within two weeks. During a four-month interval, case intervals were matched to controls, accounting for various holidays during the study period. By matching, we controlled for the baseline variation in ED patient volumes and staffing that occurs relative to time of day and day of week. The study was approved by the University of California, San Francisco, Committee on Human Research.
Study Setting and Population. The study was performed in the ED of the University of California, San Francisco, Medical Center. The ED staff evaluates approximately 35,000 patients/year in an 18-bed facility with a self-pay rate approaching 10%. Faculty emergency physicians see all patients with the assistance of rotating housestaff from medicine, emergency medicine, pediatrics, and psychiatry. Currently, there is no residency training program in emergency medicine based at the University of California, San Francisco. The ED is a Level 2 trauma center and sees a complex case mix due to the tertiary nature of the facility; the admission rate is 23% despite outpatient clinics seeing more than 500,000 visits a year and the fact that most ED patients have a personal physician.
Study Protocol. All patients who registered for care and subsequently left before being seen by a physician were considered. The study patients included patients who signed in and left before triage occurred and those who were triaged and subsequently left before examination by a physician. Patients who were seen by a physician and subsequently left before care was completed were not included. The date and time in as well as the date and time out along with the patient's medical record number were imported from the hospital registration system. This database was linked with ED informational databases keeping detailed hourly census data. The ED was considered to be at 100% capacity when 18 patients were present. Daily inpatient and intensive care unit census data was obtained from Medical Center databases, and the ratio of patients to staffed hospital beds available was calculated. The Medical Center has an average annual occupancy of 87%-90% of staffed beds but peaks at 100% frequently. Also considered were physician factors that might play a role in this outcome. We looked at characteristics of the attending physician in charge at the time the patient left without being seen. In particular, board certification, completion of an emergency medicine residency, experience as measured by years in practice, full-or part-time status, age, and gender were considered as predictor variables.
Finally, we considered factors within the ED itself. Ambulance diversion status of the ED, percentage of ED bed capacity (patients/available treatment stations), average acuity of patients in the ED (estimated by ED clerical staff at time of visit), average number of admitted patients waiting for inpatient beds (boarders), and length of stay of discharged patients during the time interval being studied were variables that were considered.
Data Analysis. All data were entered into a Microsoft Access (Microsoft Corp., Redmond, WA) database, and SPSS 10.0 (SPSS Inc., Chicago, IL) was used for analysis. We used the McNemar test and the Wilcoxon signed-rank test for univariate analysis of the matched data and used conditional logistic regression for multivariate analysis. A conditional logistic regression model was used because the data were matched and it is theoretically more accurate to use a conditional rather than an unconditional model as the number of matched sets increases. The goodnessof-fit model was 6.3 (p = 0.61) and was assessed with the Hosmer-Lemeshow test. A reasonable fit can be assumed because the result was not significant. We used a combination of clinical and statistical analysis and tried to make sure we had one variable in the model representing a group of clinical variables that were representing or measuring the same thing (based on how well they were correlated). For instance, age, board certification, and residency training are all related, but only residency training was significant in the model.
RESULTS
Over the study period from (1.8%) left without being seen. Measures of ED capacity became significant only when .100% (Table 1) . This association increased with increased capacity (Figure 1 ). When considering characteristics of the physician in charge, older age and lack of completion of a residency training program in emergency medicine were associated with patients who left without being seen. When considered in a multivariate model (Table 2) , 140% ED capacity (odds ratio, 1.96; 95% confidence interval = 1.22 to 3.17) and lack of emergency medicine residency training (odds ratio, 1.85; 95% confidence interval = 1.17 to 2.93) were most important.
DISCUSSION
This study demonstrates the impact of overcrowding on a quality measure by showing that, as the ED becomes more crowded, patients are more likely to leave without being seen by a physician. While this may seem intuitive, this study shows that while a trend begins at 100% capacity it does not become significant until capacity is exceeded by considerably more than 100%. Furthermore, measures such as inpatient capacity were not associated with this problem. Our multivariate analysis also shows that patients were more likely to leave if a non-emergency medicine-trained physician was in charge of the ED, independent of crowding. Residents in emergency medicine are given graduated responsibility in managing the ED as they ascend through the years of training. Our result likely demonstrates the value of this training in maintaining flow and order in an ED.
Research on patients who leave without being seen in EDs focuses on a variety of factors. A recent telephone survey of such patients from a high-volume ED with a low rate of leaving without being seen attempted to define what factors could be implemented while the patients were waiting to prevent them from leaving. 8 Patients stated that more frequent updates of estimated wait times and the provision of temporary, immediate treatments would decrease the likelihood of their leaving. However, this study did not attempt to determine what behaviors and system factors outside the waiting room might lead to patients leaving without treatment.
A study by Hobbs et al. from a high-volume ED used a multivariate model to determine factors associated with ED patients leaving without being seen. 9 They determined that the most powerful predictor of patients leaving without being seen was the total number of patients treated in the main ED. They also found that an excess of trauma and resuscitation patients and observation admissions were positively correlated with patients leaving without being seen. They also determined that when the average daily census reached 100 patients in the main ED, a saturation point was reached and an excess of patients left without being seen. Like our study, they defined a ''ceiling,'' which was the most important factor associated with patients leaving without being seen. However, our study used a different methodology and focused on percent capacity based on hourly data and demonstrated that the problem of patients leaving without being seen continues to worsen as the census in the ED increases. Our study also determined that patients were less likely to leave without being seen if the attending physician in charge was residency trained in emergency medicine. This factor was independent of years of experience or board certification in emergency medicine. Our specialty is unique in that many of its practitioners are not residency trained, yet practice full-time emergency medicine. According to a 1999 workforce survey, only 42% of clinicians practicing full-time emergency medicine are residency trained in the specialty. 10 Thus, an opportunity to evaluate the effects of residency training on clinical outcomes exists. A study from Colorado noted an excess of malpractice claims and indemnity payments among non-residency-trained emergency physicians. 11 This finding was independent of years of experience or board certification in emergency medicine, as it was in our study. The fact that this result mirrors ours is provocative. We were unable to identify any other studies that demonstrated the effect of residency training in emergency medicine on outcomes.
A comprehensive study looking at trends in the use and capacity of EDs in California was recently performed. 12 The findings of this study demonstrate that the number of EDs has declined by 12% over the past decade, but the number of critical patients has increased 59% per ED. Thus, the stage is set for more patients to leave without being seen because the remaining EDs are seeing a higher volume of resource-intensive individuals. This may be mitigated by expansion of the remaining EDs and the fact that more residency-trained individuals are entering the workforce given the growth in emergency medicine training programs over the past decade.
The case-crossover methodology is useful to evaluate the effect of factors that are changing over time on important outcomes by matching time intervals when the outcome of interest occurred. This methodology has been used to measure the effect of cellular telephone use on automobile accidents as well as measuring transient factors on other outcomes. 13 We believe this is a promising methodology for investigating factors associated with other markers of quality in the ED, such as delays in care, errors, or unscheduled return visits.
LIMITATIONS
There are several limitations to our study. First, the study was performed at a single center, which may limit the ability to generalize our results to other facilities, because this medical center has different staffing and patient characteristics than a community or inner-city ED. Also, the period of time studied was relatively short and may not be representative of seasonal variations. Given that this was a retrospective study, the validity of some of the data may be questioned. For instance, the time when a patient left without being seen was determined by the triage nurse when the patient did not respond to being called. The lack of precision of these data could affect the subsequent mapping to the attending physician on duty if, for instance, change of shift was occurring. We did not find this to be a problem, however. The clinical characteristics of the patients who left without being seen were not specifically examined (e.g., complaint, vital signs). This has been studied before and was not a focus of this analysis. Finally, the choice of variables for the multivariate analysis may be questioned. Leaving too many variables in takes away from the power and too few may seem biased. In the end, we believe that our choice was reasonable both clinically and statistically.
CONCLUSIONS
When considering factors associated with patients leaving without being seen, capacity of the ED is important and continues with increasing capacity peaking at 140%. Physician factors, especially emergency medicine residency training, are also important when considering leaving without being seen as a quality indicator.
On the upside, although emergency medicine faculty could probably supply most of the training material for our residents in a busy emergency department (ED), it's useful for residents to rotate on pediatrics and medicine to get some added patient care opportunities in these disciplines, since the majority of ED patients will either present with a common complaint or have one of the common diseases found in these populations.
There are some important things to learn that would not as easily be taught in the ED environment. There are also some services where the opportunities for procedures are especially rich. The intensive care unit (ICU) and trauma rotations are especially important for this.
It's also useful for residents to see other environments. Just as they should know what the out-of-hospital environment is like so they can understand the systems' constraints and communicate better, it is also important for them to know the post-ED environment. This helps residents learn to whom and to what they are admitting patients. How else can the resident learn that admitting a patient, while easy for the ED person, is not always the best or safest avenue for the patient? This is especially true in children and elders.
A more subtle but really important facet of this environmental learning is that it is usually career-affirming. Almost all our residents come off the medicine or pediatrics services with a sigh of relief, thanking God they are back in the ED. It's like coming home. The hours are generally better; the decisions and pace are quicker; the people are more familiar.
On the other hand, there is the risk that a resident will like his or her off-service rotation a lot and want to change specialties, a disaster for a program director. In our experience that is rare, more often occurring in reverse, with people from other specialties wanting to change to emergency medicine. Either make the emergency medicine environment more attractive than the other specialties' or make sure that the off-service rotations are pretty heinous, although still within the prescribed dutyhour regulations, of course.
There is another downside we've witnessed on occasion. It is akin to the ''Stockholm syndrome'' where captives begin to identify with their captors and assume their beliefs or, in this case, attitudes. That's apparently why Patty Hearst, after being kidnapped, helped the Symbionese Liberation Army rob a bank back in the 1960s. A resident will forget who truly feeds him or her, and swagger down with the trauma team or the medicine team, making fun of the diagnosis made in the ED, or the treatment rendered. This actually goes both ways. It is a universal ''rule'' that the higher the floor on which staff are stationed, the more intelligent they are. Since the ED is always on the ground floor, what does that say about us? People from other services who rotate in the ED are treated like idiots by peers from their own services. We don't think that this syndrome necessarily implies that the emergency medicine resident has a major character flaw, but rather, in the big scheme of things, it's just a fleeting phase, like the teenage years.
So, send your ''children'' away with confidence and realize that it almost always works out in the end. They usually have some good memories, make some friends, and do some crafts (procedures). They won't get hurt, and there shouldn't be ticks, mosquitoes, or sunburn.
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